5ƒÖ3 than those of non-destalked prawns.
In the complete culture of the prawn Penaeus japonicus, one of the unresolved problems is a regulation of maturation and spawning in captivity. In Southeast Asian countries, it is generally difficult to regulate the maturation and spawning of crustaceans by controlling environmental factors such as daylight time and temperature.1) Therefore, attempts to induce the ovarian maturation by the unilateral or bilateral removal of eyestalks which involve a X-organ producing gonad-inhibiting hormone (GIH) and molt-inhibiting hormone (MIH)1) have been carried out. There are many studies1 -8) showing that eyestalk extirpation is effective in inducing the ovarian maturation of various species of penaeid shrimps.
Lipids probably play an important role as a source of energy, essential fatty acids, and cell constituent in the process of spawning, embryogenesis, hatching, and early development of larvae in aquatic animals.9-10) Therefore, it is reasonable to conceive that suitable lipids should be accumulated in the ovaries during the maturation of crustaceans as a reserve enough for subsequent process in both quality and quantity. However, only little information is available on the lipid metabolism during the maturation of prawns and shrimps. To approach this, the present investigation was undertaken to clarify the variation in lipid constituents in destalked prawn P. japonicus. 
, and In the present study, therefore, lipid class compositions (% of TL) were determined by correcting the peak areas using the relative response data of Kaitaranta and Nicolaides.16) However, the relative responses were routinely checked to eliminate errors due to some changes in the rods during repeated use by using quantitative mixtures of the reference compounds.
Lipid class content were estimated by multiplying each lipid class composition (%) by NL or PL content which was quantified photometrically. 13) Fatty acid compositions (%) were determined by gas-liquid chromatography (GLC) on 5% Shinchrom E-71 as described previously.12) Fig. 1 . Effects of destalking on the maturation and lipid content of ovaries in the prawn P. japonicus. GSI, gonadosomatic index. Experimental groups: G 1 (initial), G 2 (normal), G 3 (destalked by cutting), G 4 (destalked by tying).
Results
The ovary weights (Table 1) and GSI values ( Fig. 1 ) of the destalked prawns (groups 3 and 4) were significantly higher than those of initial (group 1) and normal (group 2) prawns.
This indicates that the bilateral extirpation of eyestalks induced the ovarian maturation of the prawn. Both the cutting and tying methods for the removal of eyestalks were almost equally effective in inducing the ovarian maturation, but the survival rates were higher in the latter than in the former. The tying method is likely to attain the maturation of ovaries with a rather less injury and shock than the former.
The quantities of ovarian lipids (mg/one prawn) increased drastically during the induced maturation by destalking; the destalked prawns possessed more than 10 times quantities of lipids in the ovaries than the normal prawns. that TG, PC, PE, and FS (mostly cholesterol) are the major lipid classes which are accumulated in the developing ovaries of destalked prawns. On the other hand, the hepatopancreas of the initial and normal prawns contained TG, PE, and PC as the prominent lipid classes. The destalking resulted in the decrease in the hepatopancreatic TL concentrations which were mainly due to the decrease in TG and PC. The decrease in hepatopancreatic TL and a concomitant increase in ovarian TL indicates the possible transfer of lipids from the hepatopancreas to the ovaries during the induced maturation in the destalked prawns. In every prawn group, the major lipid classes of the hemolymph were PC and FS, whereas those of the muscle were FS, PC, and PE. The destalking did not alter notably the lipid spectra of the hemolymph and muscle. In the prawns destalked by the tying method (group 4), however, the FS concentrations of muscle and hemolymph were slightly lower and higher, respectively, than those in the normal prawn.
Since crustaceans are incapable of synthesizing cholesterol,17) this speculates the transfer of cholesterol from the muscle to the ovaries through the hemolymph. in hepatopancreatic NL and PL than the normal prawns, the fatty acid profiles of NL and PL in the hepatopancreas, hemolymph, and muscle were not altered noticeably by destalking.
Discussion
Although considerable interest has placed on rearing broodstocks in captivity for seedling production of penaeid shrimps,1) the reproductive process is not fully understood in the biochemical viewpoint.
The unilateral or bilateral destalking is also known to induce maturation and spawning of various penaeid shrimps such as Penaeus monodon,18-26) Penaeus indicus,3,4.27) Penaeus stylirostris,5) Penaeus plebejus,6) Penaeus vannamei,7) P. japonicus,8) Penaeus merguiensis,18) Penaeus orientalis,28) Penaeus duorarum,29) Penaeus kerathurus,30) etc. In the case of the prawns such as P. duorarum, P. aztecus, P. semisulcatus, P. orientalis, and P. occidentalis, destalking techniques are aquiring importance in the standpoint of seedling production, because it is difficult to achieve the ripening of their ovaries in captivity japonicus, without destalking.28,31) In the prawn P, the bilateral extirpation of eyestalk was also found to be effective in inducing the ovarian maturation ( Fig. 1) and to increase the ovarian lipids (Table 1) .
In earlier studies, histochemical investigation showed a marked lipid deposition during the ovarian maturation of crustaceans.32-34) Later, biochemical investigation also manifested the increase in ovarian lipid contents during the ovarian maturation of the prawns, P. indicus,35) P. japonicus,36) Penaeus setiferus,37,38) and P. aztecus.38) Read and Caulton39) investigated an absolute change in body composition of P. indicus during the ovarian maturation, and pointed out that the fresh weight declined due to water loss and inorganic body constituents did not change while the mass of lipids and proteins increased with the development of ovaries. Kulkarni and Nagabhushanam40) also revealed that ovarian protein, glycogen, and lipid concentrations of the prawn Parapenaeopsis hardwickii increased with the development of ovaries and decreased precipitously after spawning. As mentioned above, much work has shown the increase in ovarian lipids during the maturation of wild or pondcultured penaeid shrimps, suggesting the importance of lipids for the elaboration of ovaries during maturation.
Although a few workers reported the qualitative changes occurring in lipids during the ovarian maturation of the prawns such as P.
japonicus, P. duorarum, P. setiferus, P. vannamei, and P. stylirostris,36,41-44) the knowledge on the lipid metabolism of penaeid shrimps in relation to vitellogenesis is still scanty.
Previously, we demonstrated that both TG and PL were mainly responsible for the increase in ovarian lipid contents of wild female prawns P.
japonicus.36) In the present study, the destalked prawns exhibited the increase in ovarian lipid contents mainly due to the elevation of TG and PC contents (Fig. 2) . As for wild pink shrimps P. duorarum, Gehring41) also reported the increase in ovarian NL, mainly TG and FS, and PL during the period of developmental stages I (undeveloped) to III (nearly developed).
Therefore, we assume that the lipid metabolism during the ovarian maturation in the destalked prawn P. japonicus 
